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INTRODUCTION
Blood cells were the first animal cells extensive-

ly used in studies of cell permeabilities.
advantages for choosing erythrocytes are

The practical

th~t

they are

readily _available, they may be kept outside of the body for
a relatively long time with only slight changes in properties,
their structures are simple, and there is an extensive background. of exact physio-chemical information concerning them
(Jacobs, 1931).

Most importantly red blood cells make a

good study subject becaus·e the primary function of erythrocytes is to·take up large quantities of certain materials
is a -short ti.me and to eliminate the same materials rapidly.

The earliest systematic study of erythrocyte per ..
meability (Gayns, 1896, Hedrin, 1897) demonstrated that the
rate of penetration into red blood cells of non-electrolytes
was different for different substances&

Bearing in mind the

Danielli-Davson model of unit membrane (Danielli, 1954}, the
rate of penetration of non-electrolytes should be inversely

proportional to their lipid solubility (Giese, 1969), but
many exceptions have been found to this general hypothesis.

The permeabilities of erythrocytes to glycerol,
urea, monohydr:lc alcohols, aldehydes, and ketones ,.,ere de-

1
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termined by using the freezing point method (Hedrin, 1897).

The relatively slow increase in concentration of glycerol
entering beef erythrocytes was measured by using chemical
analysis

(Parpart~

1935).

Jacobs (1936) reported that ery-

throcytes of two groups of animals responded differently to
glycerol.

Fast penetration of glycerol was observed in ery-

throcytes of rat,

mouse~

and man.

Slow penetration was

observed in erythrocytes of cat, dog, horse, pig, sheep, and

ox.

The penetration of glycerol into

first group was inhibited by traces of

ery~hrocytes
coppe~.

of the

In the case of

erythrocytes of the second group copper had no effect on
glycerol penetration.

This observation is suggestive of inhibition of
certain types o£ enzymatic reactions (Hellerman, 1937).
Enzymes whose activity depends on readily available sulfhydryl groups are often inhibited by small traces of copper

(Barron and Singer, 1945).

The inhibitory effects of heavy

metals on cell permeability suggested that the transport of
glycerol into the human red cells was effected by an active
metabol:i.c systems in which at least one essential link involved a sulfhydryl group (Lel"evre, 1948).
At first the inhibitory effects of heavy metals
might suggest active transport in which the enzymatic react-

~-----~

~---

~~-

---
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ion provided the energy necessary to cross the cell membrane
..

rather than thermal agitation.
not be necessarily correct.

The above suggestion may

This active transport process

should be better regarded as facilitated diffusion.

It

differs from simple diffusion in being restricted by structural factors, and energy might be required for maintinance
of structural units (Bowyer, 1954).
LeFevre (1951) suggested that facilitated diffusion
depended upon a carrier mechanism.

This system involved:

a) the formation of the substrate-carrier complex; b) the
penetration of the complex through the membrane; and c) the
uncoupling of the substrate from the carrier inside the
This series of reactions was illustrated as

membrane.
follo,.,:

Outside
Substrate

in

~vhich

Cell surface

Inside

kl

k3

kz

x4

+ Carrier:;;;::: Substrate-Carrier* Carrier + S_ubstrate

k 1 , k2, k3 , and k4 tvere the velocity constants for

the indicated reactions.

The equibilium constant K1 is

equivalent to k 2 /k 1 for the exterior reacti.ono

For the

interior reaction, K2 is equal to k4 /k 3 •
In an extensive study of dl.fferent non ... electrolytes'

4

per.meabilities, Hunter (1958) discovered that butanol decreased the penetration rate of glycerol through the rabbit
red cell membrane progressively with increased butanol concentration.

Using sheep erythrocytes where there was no

evidence ·Of active· movement of glycerol reported, the rate
of glycerol penetration increased with increasing butanol

concentration.

After studying erythrocytes of human, sheep,

rabbit, and chicken, he concluded that butanol increased
the permeability of non-electrolytes where only simple di£fusion was involved but decreased the permeability of non•
-"

~-•-... __ .... - I..LO .J.Y
l..t::!::l

~t:.J.t,:;:l;.;

talces place.

~.J..Il

~
--.Lll~

.... - - - - - -

I..C:UlC~

~- - L ~ - ~l.U WilJ.Cil

.fa-c-J.~ "J.-i
....
... +-a-+-e.. ... a··

a·'-l.' .;.r=uc;
.._.... "" 1.·' on·

He explained his findings by suggesting that

butanol decreased the intermolecular forces <t-Ihich held the
1

·

lipids in the membrane in place and so "opened the channels
~der 11

with the assumption that the structure of the erythro-

cyte membrane was similar to that suggested by Parpart and
Ballentine (1951).
Further kinetic studies of erythrocytes' permeabilities Hunter (1965; 1966) helped to distinguish between
simple diffttsion and facilitated diffusion from experiments
using butanol and tann:tc acid.

Data suggested that carrier

systems might be involved in the follm-1ing: urea ... man, mouse,
and rabbit; erythritol - mouse, and possibly man; ribose -

5

mouse, and man; ethylene glycol - man and possibly mouse;
glycerol - man, mouse, and rabbit.
The present kinetic study of the permeability of
rabbit erythrocytes has established that carrier systems
are

~nvolved

in the penetration of certain non-electrolytes.

Saturation, competitive inhibition, and butanol inhibition
kinetics were used to demonstrate the presence of carrier
systems and the values of half-saturation constants

(~)

were determined for the following water soluble non-electrolytes: glycerol, ethylene glycol, urea, and thiourea.
These non-electrolytes are commonly used in permeability studies because they are relatively non-toxic and
their small sizes allow penetration of the erythrocyte
membrane

~rlthin

a reasonable length of time.

METHODS

AND

l1ATERIALS

·.: ·.·

METHODS

AND

MATERIALS

Theoretical.
According to Fick 1 s First Law of Diffusion
(Jacobs, 1933), the rate of movement of a substance across
a membrane is dependent upon the concentration gradiant

between the outside and inside faces of the membrane.
This can be expressed as follows:

= -K

dS

dt

(1)

( C - D )

-in which K is

C and

external and internal solute concentrations respectively
and dS/dt is the amount of substance which crosses the

mePlbrane per unit of time.
Widdas (1952) adapted Equation 1 to fit a carrier
transfer mechanism.

He suggested that the penetration rate

is proportional to the differences in the fraction of the
carrj.er saturated with penetrant at the two sides of the
. t•

cell membraneo

The carrier transfer mechanism is represented '

by the equation:

dS

dt:

m

K C

S/V

C"+ff - "(s 7v:tlf

(2)

where S is the amount of penetrating solute inside the cell;

c,·

the external concentration of the penetrant; t, the time;

6
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V, the volume of cell wat.er (Isotonic volume = 1); and . t/>
the half-saturation constant of the carrier.
~

When

approaches infinity (aimple diffusion

type), Equation 2 can be integrated to give:
kt ==

F(c,v)

=

c'· +

1 - (l+e)v + (1-+e)ln

c-c'

(3)

(l.,V)(l+C)
in which C' is the internal concentration of the penetrant.
When~

approaches zero (carrier type), the

equation takes the following form:
k't

a

F' (C,V) = C(l+e{c'

+

1 - (l+C)V

+ (: ln

c-c'

(1-V)(l+C)

) (4)

LeFevre (196l).integrated Equation 2 to give:

where k0 is the penetration constant; V0

V, the calculated volume;

c•,

,

the initial volume;

the internal penetrant con-

centration; and C, the external concentration.
Experimentally, several additions of a penetrant
in 1% Na.Cl are added to a cell suspens:i.on in 1% NaCl and a
record of swelling of the cells is obtained for each addition.

The values of C' and C are known for each addition.

By substituting these values and selected value of V i.n

Equation 5, it assumes th form:

F0 (C,V) =A+ B~

+c~2

(6)

A table of values of A, B, and C, can be calculated (Table 1, 2).

8

When t/> approaches infinity, only the C term needs to. ·b.e
considered.

This is equivalent to the F(C,V) of Widdas

(1954) which describes the kinetics of simple diffusion.
When t/> approaches zero, only the A ter.m is left,

~ch

is

equivalent to the F'(C,V) of Widdas (1954) for the kinetics
of a near-saturated carrier.

With values of

~

intermediate

between zero and infinity, the three terms A, B multiplied

by~, and C multiplied by ~ 2 , can be added to calculate
Fo(c,v).

These values can be plotted against the experimental

times to determine the kinetics involved in the penetration

of non-electrolytes across the erythrocytes' membranes.
A diffusion plot will give a single stra:i.ght line

with F(C,V) plot.

The slope of the line will indicate the

penetration K.
If the penetrant were approaching a state of sat-

uration, the plot of experimental times versus F'(C,V) will
yield a single straight line.

If both the F'{C,V) and

F (C, V) plots yield a family of straight lines 't<7ith the

symbols reversed, then a plot of LeFevre's F0 (C,V) using an
appropriate value of r/> should give a single straight line
under these cond1.tions.

The value of ¢ 'vill be the value

of the half-saturation constante
For a study of competitive inhibition, Widdas

9

(1954) used the competition between sorbose and glucose
He modified Equation 2

for penetrants of erythrocytes.
as follows:

C'

s

+ ~s + ~s

1

)

(7)

C g

Tg
where Cs and Cg refer to the sorbose and glucose concentrations in the outside medium respectively, C's and C'g refer
to the sorbose and glucose concentrations inside the cell
respectively.

The half-saturation constants of the carrier

when reacting wi.th sorbose and glucose are rl>s and rl>g res-

pectively.
If

£/>

is much larger than the concentration of the

penetrant, Equation (7) can be written as follows:
(8)

By making certain simplifying assumption (Widdas, 1954),
Equation (8) reduces to:
(9)

where the reciprocal of the penetration constant, k, varies
linearly with glucose (inhibitor) concentration.
plot og 1/k {ordinate) against

c8

From a

(abcissa), a value of

~s

can be determined by dividing the y-inte:rcept by the slope.

10

Intercept ( Cg=O)
Slope
= "g

(10)

This method of determining the value of the half·
saturation constant is useful if it cannot be approximated
usiqg saturation kinetic studies.

It also can be used to

verify the " value determined by saturation studies.
Experimental.
The method of kinetic analysis of the permeability
of rabbit erythrocytes was based on the method used by
¢rskov (1935) and modified by LeFevre (1948).

This method

employes a densimeter, which is a photoelectric apparatus,
to follow the volume changes of cells placed in hypertonic
solution.
The densimeter chamber is surrounded by a small.
water bath to regulate the temperature for each experiment.
The

wa~er

by a pmap#

is circulated from a temperature controlled bath
There is a beam of light passing through the

chamber and the water bath onto·a photoelectric cell
cathode.

The shrinking and swelling of the cells cause

differences in light absorbance which is detected by the
photoelectric cathode.
The differences in light intensities are transmitted from ·the photoelectric cell cathode to a DC

ll

amplifier.

Then the current is transmitted onto an Esterline

Angus pen recorder which records the resulting curves.

The

sensitivity of this system can be altered by changing the
concentration of the blood, the setting of the DC amplifier,
and the speed of the pen recorder.

A glass rod used as a

stirer, mixes the cell suspension inside the densimeter.
The rabbit blood was obtained by veinpuncture
from the ears.

Heparin was used as an anticoagulant

(c.f. Hunter, Stringer, and Weiss, 1940).

Blood from a

single individual was used for each series of experiments.
It was centrlfuged at low speed foz.· about sixty seconds.

The supernatant fluid was removed by aspiration and the
blood was lvashed three times with 0.9% NaC.l, buffered to
pH 7.5 with 6.05 gm. Tris and 3.45 ml. concentrated HCl
per l:ttero
Before each experiment, the apparatus was
equilibrated to a certain temperature.
buffered
chamber.

:i~sotonic

A known volume of

0. 9% NaCl solution was added to the

Follmdng that, a volume of 0.1 or 0.05 ml. of

washed erythrocytes was added by a pipette to the chamber.

Then it was mixed well with the NaCl solution by the stirer.
The stirer was on during the entire exper:i.ment.

A known

volume of non••electrolyte was added by a syringe to the

12

suspension.
A downward deflection was recorded by the pen
recorder after the addition of the non-electrolyte.
was due to rapid exit of water out of the cells.

This

The curve

rose slowly back to equilibrium state as the penetrant
entered the cells.

Once equilibrium had again been estab-

lished, another addition of non-electrolyte was made.
The cells shrank due to the exit of water and
therefore less light was transmitted through the suspension.
With successive additions of known volumes of non-electrolytes, the .concentration gradiant across the membrane is
different and consequently the amount of 't'later which leEnres
the cells is different.

Therefore the downward deflection

was not the same for each successive addition.
With the 1 molar system, five successive additions

(0.1, 0.2, 0.4, 0.6, and 0.8 ml.) of 1 M penetrant in 0.9%
NaCl are added to 9.9 ml. of the 0.9% NaCl-blood suspension.
The functions of F(C,V), F'(C,V)., and F 0 (C,V) for selected
volt1mes are listed in Table 1.

With the 8.1 molar system, eight successive add·
itions of 0.5 ml. of 8.1 M penetrant in 0.9% NaCl are added
to

8.5 ml. of the 0.9% NaCl-blood suspension.

The functions

of F (C, V), 1" .' (C, V), and Fo (C, V) for selected volumes are

13

listed in Table 2.
For competitive inhibition, a different method
is used.

A control curve is obtained using the non-electro-

lyte which is supposed to be inhibited.

Then a series of

curves·are made with the

and the

together.

non-electro~yte

inh~bitor

The half-saturation constant, r/>, of the inhibit-

ing non-electrolyte is calculated using Equation (10).
The apparatus responds linearly to the low concentrations (1M system) of penetrating non-electrolytes,
but will respond non-linearly to high concentrations (8.1 M
system) of. non-electrolytes.
\

Consequently, a calibration

curve is reqllired to relate the experimental volume to the
theoretical volume.

14

TABLE

1

Calculated values of F(C,V), J.l~·{c,V), and F0 (C,V) for
the following system. Successive 0.1., 0.2, 0.4, 0.6,
and 0.8 ml. additions of 1M non-electrolyte in 0.9%
Na.Cl are added to 9.9 ml, of cell-0.9% NaCl suspension.
Time is allowed follot-.ring each addition of penetrant
for equilibrium to be reached before ne}t:t addition.

TABLE

Initial Cone.
of penetrant
(isotonic units)

c•

Final cone.
of penetrant.
(isotonic units)

c

1

Relat:ive
Volume of
Cell Water

r 0 ~c:av~
A
As

r/>--

c

B

As

0 ·

F 1 (C, V)

/J .....__

F(C,V)

v

0

0 .. 033

0 .. 98
0 .. 99

0.0001
0.0005

0.020
0.055

0.474
1.175

0.033

0.098

0 •. 96
0 •. 97
0 .. 98
0 •. 99

0.0019
0.0037
0.0069
0.0128 .

0.059
0.108
0.183
0.317

0.409
0.712
1.148
1.898

0 .. 098

0 .. 220

0 •. 92
0 •. 94
0 •. 96
0.98

0.0068
0.0174
0.0345
0.0689

0.086
0.206
0.387
0.723

0.248
0.577
1.045
1.865

0.220

0.387

0.92
0.94
0.96
0.98

0.0553
0.0998
0.1687
0.2984

. 0.342
0.600
0.984
1.681

0.515
0.884
1.416
2.351

0.387

0.583

0.92
0.94
0.96
0.98

0.1717
0.2693
0.4855
0.8298

0.659
1.117
1.800
3.011

0.624
1.044
1 •. 657
2.722

.....

Vt
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TABLE

2

Calculated '1alues of F(C, V), F' (C, V) for the following
system. Cells are added to-8.5ml. of 0 .. 9% NaCl. E:tght
additions of 0$5ml. each of 8.1 M non-electrolyte in
0.9% NaCl are made. Time is allowed following each
addition of penetrant for equilibrium to be reachea
before next addition.

TABLE 2

L'1itial cone.
of penetrant
(isotonic units)

Final cone.
of penetrant
(isotonic units)

c

Ct

0

1.50

2,84

1..50

2.84

4.0.5

Rela.tiv·e
volume of
cell wate:r

v

0,90
0.92
0.94·
0.96

A

As~..-..o
F' {C! V~

~~ctY.~
B

c

As ~-+ oo
F(C 2 V~
),2).

5.39
6.44
?,88
9.99

8.44
9.89
11.8.5
14.7:3

0.90
0.92
0.94·
0.96

28.20
:34.2.5
42.40
54.27

.20,81
25,15
30.98
39.39

5.65

0,90
0.92
0.95
0.97

57 .?1 .
74.64
110.20
150.62

29.19
37.67

55.36

3. 69
4.76
6.95

7.5.42

3.73
4.40
5.38
:3.8:3
4,61

7.14

9.44

4.05

5.14

0.90
0.92
0.95
0.97

77.61
110.56
180,83
260 .• 19

30.67
43.61
71.16
102.12

),03
4.30
7.00
10.02

5.14

6.14

0.90
0.92
0.95
0.98

77.92
131.95
249.04
. 487.33

25.65
43.41
81.76
93.25

2.11
3.57
6.71
13.06

6.14

7.04

0.90
0.92
0.9.5
0.98

39.64
119.40
293.00
643 •.53

11.33
34.14
83.72
183.56

0.81
2.44
5.98
13.09

7.04

7.88

0.92
0.94
0,96
0.98

82 . .50
230 •.57
439.78
809.99

21.30
,58.81
112.1.5
206.2.5

1.34

0.94
0.96
0.98

179.19
4.56.17
939.34

41.6.5
106,17
218.02

7.88

8.64
------------

::

3.7.5
7.15
13.13
2.42
6.17
12

6.5

t-
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RESULTS

RESULTS
A series of swelling curves of the last four
additions of 8.1 M ethylene glycol in 0.9% NaCl is recorded
in Figure 1.

In this system, the concentra.tion gradient

across the cell membrane decreased with each addition as
indicated.
shown~

In Figure 2, a typical calibration curve is

It is used to establish the relationship between

the volume change and the total deflection.

Selected vol-

umes in the range of 0.9 to 1.0 are used in analyzing the
datao
SATURATION STUDIES.
Glycerol.
studies of possible saturation using glycerol as
a penetrant were done at 34°C using both the 1 M system and
8 .. 1 M system ,;vith four different samples of blood.

Using

the 1M system, experimental times plotted against F 1 (C,V),
and F(C,V) gave families of straight lines with symbols
reversed (Figure 3, L})..

Such a condition suggested that

an intermediate value of ¢ betvteen zero and infinity would
describe the kinetics of the system.

Wlth the 8.1 M system,

a single straight line was obta:tned in the F' (C,V) plot

18

19

with the experimental time (Figure 5).

By plotting FO(C,V)

against the experimental times with the

~

value of 5 !so-

tones, a single straight line was obtained with both systems
(Figure 6).
Ethylene glycol.
The studies with ethylene glycol were made both
at 340C and 10°C using the 8.1 M system with four different
samples of blood.

A

single straight line was obtained with

the F'(C,V) plot against experimental times at both temperatures (Figure 7).
obtained.

It suggested that saturation was

By using the value of 0.5 isotone for

~

in the

F 0 (C, V) plot with the exper:J.mental times, a well defined

single straight line was obtained in both cases (Figure 8).
Urea.
Studies of urea penetration were made at 1ooc
using the 8.1 M system with three different samples of
blood.

Signs of saturation were

r~corded.

A single straight

line was obtained in the F'(C,V) plot like Figure 7.
best fit to a straight l:I.ne

~.ras

The

obtained with a FO (C, V)

plot Lts:i.ng the {> value as 2 isotones (Figure 9).
Thiourea.
Studies with thiourea were made at 25°C using the
1 M system with two different samples of blood.

A family
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of straight lines was obtained in the F'(C,V) plot like
Figure 3, and a single straight line was obtained in the
F (C, V) plot (Figure 10).

It indicated that the kineti.cs

were those of simple diffusion at this concentration of
thiourea.
Others.
Attempts were made to study erythritol and ribose.

Due to their slow rate of penetration, unsatisfactory results
(hemolysis) were consistently obtained.

I concluded that the

densimeter technique was not the proper technique for the
saturation studies of erythritol and ribose in rabbit blood.
COMPETITIVE INHIBITION.

Urea .. Thiourea.
Signs of competitive inhibition of 8.1 M urea in
the presence of 0$8 M thiourea were recorded in the studies
(Figure 11).

The average times were plotted against F'(C,V)

(F:i.gure 12).

The :rate of urea p.enetration was progressively

reduced

~V'ith

the increasing concentration of thiourea.

In

Figure 13, the reciprocal of the apparent penetration

constants

of

urea were ,plotted against the thiourea con-

centration in isotoneso

By dividing the y-intercept by the

slope, an exl?erimental value of

{6

was calculated to be
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0.3 isotone for thiourea.
Glycerol-Ethylene glycol.
Signs of inhibition of 1 M glycerol were recorded
in the presence of 1 M ethylene glycol.

In Figure 14, the

average times were plotted aga.i.nst F' (C, V) •. The rate of
glycerol penetration· was progressively reduced with increasing concentration of ethylene glycol.

Figure 15 shows

the reciprocal of the apparent penetration constants of

glycerol against the ethylene glycol concentration in iso"'
tones.

By dividing the y-intercept by the slope, an experi-

mental value of

~

for ethylene glycol was calculated to be

0. 5 iso·tone.

BUTANOL INHIBITION.
Studies had been made on glycerol, ethylene glycol,
urea, and thiourea.

Signs of inhibition had been recorded

with glycerol, ethylene glycol, and urea.

It suggested

that carrier mechanisms were involved in these penetrants.

Thiourea had failed to demonstrate the s:i.gn of inhibition
by butanol due to hemolysis.
In Figure 16, signs of inhibition were sho'\-ln with

0.6 ml. of 1 M glycerol with 2 ml. of 0.5 H butanol at 34°G.
The butanol data are presented in Table 3.
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FIGURE 1.

Swelling of rabbit erythrocytes following the
last four Stlccessive additi.ons of 0.5 ml. of
8.1 M ethylene glycol in 0.9% NaCl. After
each addition, position of the pen was moved
do\'mward by changing the setting on the amplifier.
Temperature was 34oc.

··.

'

FIGURE i
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FIGL~E

2.

Calibration curve relating volume change to
deflection of pen recorder. Abcissa: calculated
minimum volume (V 0 ). Ord:i.nate: total deflection
in millimeters as measured on experimental curves.
Eight 0.5 ml. additions of 8.1 Methylene glycol
in·0.9% NaCl.
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FIGURE

3.

Average values of times for rabbit erythrocytes
to reach specified volumes as measured from
experimental records, plotted against calculated
values of F'(C,V). There were five successive
additions of 1 M glycerol in 0.9% NaCl. Data
from first two additions not included. Temperature~was

FIGURE

4.

34°c.

Same data as in Figure 3 plotted against values
of F(C,V). Notice the symbols were reversed.
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FIGURE

5.

Average values of times for rabbit erythrocytes
to reach specific volumes as measured from experimental records, plotted against calculated
values of F'(C,V). There were eight successive
additions of 0.5 ml. of 8.1 M glycerol in 0.9%
NaCl. Data from first four additions were not
included. Symbols have some significance in
Figure 6, 7, 8, and 9. Temperature was 34°C.

FIGURE .,6.

Same data as in Figure 5 plotted against values
of FO(C,V), ~ ~ 5 isotones.
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FIGURE

7.

Average values of times for rabbit erythrocytes
to reach specified volumes as measured from
experimental records, plotted against calculated
values of F'(C,V). · There were eight successive
additions of 0.5 ml. of 8.1 Methylene glycol
in 0.9% NaCl. Data from first four additions
were not included. Temperature was 34°C.

FIGURE

8.

Same data as in Figure 7 plotted against values
of Fo(c,v), ¢ = 0.5 isotone.
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FIGURE

9.

Average values of times for rabbit erythrocytes
to reach specified volumes plotted against calculated values of F0 (C,V} with t/1 = 2 isotones.
There were eight successive additions of 0.5 ml.
of 8.1 M urea in 0.9% NaCl. Data from first
four additions not included. Temperature was

10°c.

FIGURE 10.

Average values of times for rabbit erythrocytes
to reach specified volumes plotted against calculated values of F(C,V). There were five
successive additions of 0.1, 0.2, Oo4, 0.6, and
0.8 ml. of 1 M thiourea in 0.9% NaCl. Data
from first two additions were not included.
Temperature was 25°C.
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FIGURE 11.

Demonstration of competitive inhibition at 10°C
showing the decrease in the rate of urea penetration using the 8.1 M system with 0.8 M
thiourea.
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FIGURE 12.

Demonstration of competitive inhibition in .
rabbit erythrocytes previously equilibrated in
increasing concentrations of thiourea. Using
the 8.1 M system average times to reach specified
volumes as measured from experimental records
plotted against values of F'(C,V). Urea apparent
penetration constant (k) decreases with increasing
concentrations of thiourea in isotones. Temperature was 10°C.

FIGURE 13.

Values of 1/k obtained from Figure 12 plotted
against concentration of urea in isotones.
Values of ~ for thiourea was obtained by dividing
they-intercept by the.slope of the line.
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FIGURE 14.

Demonstration of competi~ive inhibition in
rabbit erythrocytes in increasing concentrations
_of ethylene glycol. Using the 1 M system, the
average times to reach specified volumes as
measured from experimental records plotted against
values of F(C,V). Glycerol apparent penetration
constant (k) decreased with increasing concentrations of ethylene glycol in isotones. Temp~
erature was 34°C.

FIGURE 15.

Values of 1/k obtained from Figure 14_plotted
against concentration of ethylene glycol in
isotones. Value of ~ for ethylene glycol was
obtained by dividing the y-intercept by the
slope of the line.
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Demonstration of butanol inhibition.· Note
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the control and the butanol runs. With one
addition of 0.6 ml. of 1 M glycerol for the
control run. The butanol run was with 2 ml.
of 0.5 M butanol at 34°C.
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TABLE

3

The calculated average time in minutes to
reach one half total deflection.
Control

Butanol

Inhibition

Glycerol

0.04 min.

0.13 min.

Positive

Ethylene glycol

0.04 min.

o. 13

min.

Positive

Urea

0.01 min.

0.02 min.

Positive

Thiourea

0.36 min.

0.38 min.

Inconclusive

DISCUSSION

DISCUSSION
The

de~simeter

technique is an indirect way of

measuring erythrocyte permeability.

Error may be intro-

duced hy missing the position of zero time and/or not
allowing the cell suspension to reach an equibilium after
an addition of non-electrolyte.

To avoid these errors,

averages have to be taken from different samples.
An addition of non-electrolyte to the cell
suspension increases· the internal cell concentration.
This increase will alter the light absorbance of the cell
suspension.

As a result, a

gre~ter

deflection is recorded.

The amount of deflection can be decreased by changing the
sensitivity of the amplifier, the light intensity, or. the
erythrocyte concentration.

Hunter (1970) suggested that

an increased concentration of non-electrolyte may increase
the non-linear response by the densimeter, but the calibration method described earlier can correct thi.s error.
Therefore calibration is

n~cessary

with the 8.1 M system.

Another problem which may be encountered in the
8~1

H system is the severe osmnotic shock on the cells.

It may alter the permeability characteristic due to severe

shrinkage in these highly hypertonic solutions.

After a
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lengthy study on excessive shrinkage of chicken erythrocytes,
Valdivieso and Hunter (1961) suggested that no irreversible
changes occur if the cells' shrunken state is maintained
for only

a

few minutes, but changes do occur if the shrunken

state is maintained for a longer period.

They also concluded

that in highly hypertonic solution, a leakage of cations
occurs between the cells and their surrounding medium.
However, ethylene glycol and urea penetrate quite rapidly.
The cells will resume their original volumes within a few
seconds with no significant exposure to excessive shrinkage.
In the saturation studies, strong indications of
saturation were obtained at 340C using l M glycerol and

8.1 M ethylene glycol.

Competitive inhibition studies

also indicated that the rate of glycerol penetration was
progressively decreased with increasing concentration of
ethylene glycol.
~'

The values of half-saturation constant,

for glycerol and ethylene glycol

respectively.

~1ere

5 and 0.5 isotones

A carrier mechanism is further suggested by

the butanol inhibition studies.
glycol

~vere

inhibited by butanolo

Both glycerol and ethylene
Since competitive inh1.b ..

ition did occur between them, it suggested that they were
sharing the same carrier.

Furthermore ethylene glycol

inhibited glycerol by having a smaller

r/>

value.
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Although San and Widdas (1962) reported that the
value of half-saturation constant,

~'

decreased with lower

temperatures, this was not true in my saturation studies
with ethylene glycol.
Strong indications of saturation were recorded

in the urea studies and the butanol inhibition did show
positive results.

No positive indication ofsaturation

nor butanol inhibition studies with thiourea was found in
these studies.

But in the competitive inhibition studies,

a strong and pos_itive indication of inhibition between
urea and thiourea 'tolas recorded.
stants,

~'

The half-saturation con-

for urea and thiourea are 2 and 0.3 isotones

respectively.
There.fore on the basis of competitive inhibition
and saturation studies, I suggest that there are at least
two carriers in the rabbit erythrocytes' membrane •. Glycerol
and ethylene glycol share one of these and urea and thiourea
the other.

SUHMARY

SUMMARY
1.

A densimeter technique was used to study the saturation,
competitive inhibition, and butanol inhibition kinetics
of the penetration of the non-electrolytes: glycerol,
et~ylene

glycol, urea, and thiourea across the rabbit

erythrocyte membranes.

2.

The data suggested that glycerol and ethylene glycol
share one carrier and urea and thiourea
share a
'
second carrier.

3.

Approximate half-saturation constant values were
calculated as follows: glycerol as 5 isotones, ethylene
glycol as 0. 5 isotone, urea as 2 :J.sotones, and thiourea
as 0.3 i.sotonee
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